37
In this paper we use the analytical and computational approach by Wu and Wentzcovitch 38 (2011) and tested on periclase-MgO, α−Mg 2 SiO 4 , and more recently on should be used as well, but here we are more interested in frequencies with 68 strain and the current approximation seems to be sufficiently accurate. Force 69 constants were extracted and interpolated to a 12 × 12 × 12 regular q-point 70 mesh to produce VDoS. 
High-Temperature-Pressure Elastic Theory
Exploiting the information about the strain and volume dependence of 73 phonon frequencies, we determine the thermal contribution to the Helmholtz 74 free energy F within the QHA (Wallace, 1972) , that is,
where q is the phonon wave vector, m is the normal mode index, T is tem-76 perature, U st is the static internal energy at equilibrium volume V under 77 isotropic pressure P and infinitesimal strain e, and k B are Planck and
78
Boltzmann constants, respectively. Isothermal elastic constants are given by
with G = F + P V , the Gibbs energy, and i, j, k, l = 1, . . . , 3. To convert to 80 adiabatic elastic constants, one uses the relationship:
where C V is heat capacity at constant volume, and S is entropy. For or-
82
thorhombic crystals, the non-shear elastic constants of Eq. (2) are:
while the shear elastic constants are: Grüneisen parameters, γ q,m = −∂(ln ω q,m )/∂(ln V ):
or the generalization to strain Grüneisen parameters:
We have used the 
With Voight-Reuss-Hill averages of elastic moduli, i.e.,
isotropic sound velocities are given by:
where ρ is density, and V P , V S , and V Φ are compressional, shear and bulk 106 velocities, respectively. 
Results

108
We present first-principles results of aggregate properties of Fe-bearing excellent agreement with our 300 K curve, though after 10 GPa our K tends 129 to be larger, while G tends to be smaller (Fig. 1b) . Fe-bearing compres- by these two factors.
136
The temperature dependence of elastic moduli and sound velocities of (Table 1) , and dK/dT is more negative for x = 0.125 than for x = 0.
144
On the other hand, G decreases with iron, but likewise K, dG/dT is more is shown in Fig. 3 . We find dK/dx to be positive for all three phases,
151
while dG/dx, dV P /dx, dV S /dx, and dV Φ /dx are negative. For small x, a (Figs. 4a and 4c). dV P /dx, dV S /dx, and dV Φ /dx for all three phases are also 161 more sensitive to temperature at lower pressures. 
Geophysical implications: The 520 km Discontinuity
163
The seismic discontinuity near 520 km depth is often attributed to the advance the understanding of this discontinuity.
190
To quantify the magnitude of the discontinuity across the β to γ transition
191
at finite temperatures we use the contrast ∆ of a particular property M 192 defined as:
where M could be density, elastic modulus, or velocity. Table 2 and than our predicted contrasts, though ∆V S is closer to our prediction.
218
In an attempt to explain the presence of two mid-transition zone disconti- 
C-1600
• C). They concluded that in fertile peridotite (i.e., peridotite en- 
